Viscosity is an important physical property, which influences the performance of slags, in metallurgical processes such as iron making, steelmaking and continuous casting. Viscosity of slags is strongly influenced by the chemical composition and the temperature. Experimental measurement of slag viscosity requires high temperature equipment and is time consuming. Empirical relations/calculations using certain chemical parameters have been attempted to predict the viscosity, which may then be used for controlling metallurgical processes. Metallurgical slags used in the steel industry are made up of different oxides and fluorides, and may often be treated as silicates. The presence of silica, an inorganic polymer, in slags, has a major impact on "viscosity". It is convenient to describe the silicate slag structure in terms of the network character of silicates-either the Oxygen to Silicon ratio (O/Si ratio) or the Non Bridging Oxygen (NBO).
Introduction
Slags play an important role in metallurgical processes such as iron making, steel making and continuous casting. Chemical, thermal and physical properties have a strong influence on the performance of the slags. However, measurement of high temperature properties such as viscosity is very difficult and time-consuming. Hence the efforts to estimate the same using empirical models or correlations. Viscosity of slags is influenced by the composition and structure of slags; and the choice of basicity has its own limitations. The use of Oxygen to Silicon ratio (O/Si ratio) for assessment of slags has been attempted 1) and the effect of Oxygen to Silicon ratio on viscosity is discussed here.
Structure of Silicates
Metallurgical slags used in steel plant operations are made of oxides and may have fluorides (in some cases). These may be assumed to be silicates and the approach used for studying silicate structures 2, 3) may be applied here also. The use of Oxygen to Silicon ratio is common in silicates and glasses; and this had been applied earlier to mold powders/slags.
1) The Oxygen to Silicon ratio can account for the presence of different oxide species and hence will be a superior indication of slag composition than conventional basicity.
Molten slags are made up of silica tetrahedra along with many other ionic species. The overall structure (and behaviour) of slags is influenced by the relative proportions of the different ions. The Oxygen ions present in silicates could be classified into Bridging Oxygen (BO) and Non-Bridging Oxygen (NBO). An oxygen ion that is bonded to two Silicon ions is bridging oxygen, whereas an oxygen ion that is bonded to only one Silicon ion is non-bridging oxygen. The salient points of NBO are:
• The number of NBO's is proportional to the number of moles of alkali or alkali-earth metal oxide added.
• The addition of alkali or alkali-earth metal oxides to silica leads to increasing values of O/Si ratio.
• Increasing values of O/Si ratio result in the progressive breakdown of the silicate structure into smaller units.
• The smaller units will have relatively higher mobility and this will result in an increase in fluidity/reduction in viscosity of the slag. The O/Si ratio gives an idea about the extent of depolymerization in the slag. The O/Si ratio is easy to calculate and reflects on the overall structure of the slag. Indicative calculation is provided in Appendix.
Formulation of Problem
Experimental data on viscosity of silicates/slags have been taken from the literature [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] for ongoing research; and analysis of some of the systems have been reported in this paper. Typically, the authors had been citing experimental procedures as well as significant trends; rigorous interpretation of the trends (with respect to structure) has not been provided in much of the literature. Chemical compositions listed in the literature were used to calculate the Oxygen to Silicon ratio values and then used for analyzing the trends in viscosities for a few ternary/multi-component systems, covering a wide range of temperatures ( Table 1) . The presence of different oxides can be accounted for in this approach and the main lacuna is with respect to CaF 2 , which could not be accommodated and for which alternate theoretical approaches are being explored, in the work in progress. Iron oxide has been considered as FeO only.
Changes in chemical composition may take place during the process (substantial, in some mold slags) or during viscosity measurement (minor) and one such scenario (minor) has also been taken into consideration. Analysis of substantial changes in slag composition/behaviour has been reported elsewhere.
1)

Results and Discussion
Viscosity of CaO-Al 2 O 3 -SiO 2 System
Viscosity values of fourteen slags in the CaO-Al 2 O 3 -SiO 2 System, spanning O/Si values of 2.56 to 5.35, at 1 773 K are listed in Table 2 . The polynomial second order correlation coefficients (Fig. 1) 
Viscosity of FeO-MnO-SiO 2 System
Data for five slags from the FeO-MnO-SiO 2 system are presented in Table 3 . The chemical composition varies over a wide range for the three components and the O/Si ratio varies from 3.0 to 3.8. Viscosity data have been shown for the temperature range 1 523-1 753 K. In all cases, the viscosity decreases gradually with increasing O/Si values (Fig.  2) . The overall trend confirms the suitability of O/Si ratio for studying variations in viscosity. Looking closely at slags 
Viscosity of CaO-FeO-SiO 2 System
Data for nine slags from CaO-FeO-SiO 2 system, spanning a temperature range of 1 423-1 753 K are listed in Table 4 and the corresponding trends are depicted in Fig. 3 . The viscosity decreases gradually with increasing O/Si values and the trend is identical for 1 673 K, 1 723 K and 1 753 K. (The viscosity trend at 1 623 K, with five data points, was also considered. The set corresponding to 1 623 K was deleted, as the curve was misleading and different from the other three curves. This deviation may be due to difficulties encountered in viscosity measurement near the break point.) The observations, once again, justify the choice of O/Si ratio as the chemical parameter for following the trends in viscosity. Looking closely at slags having similar O/Si values (such as slag Nos. 3, 9; and 5, 7), the viscosity values are influenced further by the Silica contents.
Viscosity of CaO-SiO 2 -CaF 2 -FeO System
Viscosity measurement is a relatively difficult and timeconsuming process. There is a possibility that changes may 2 , has also been reported in the literature. 1) In general, the loss of fluorine/fluorine bearing components could result in an increase in the viscosity values. In this background, it will be worthwhile to examine the correlations using post-(viscosity) measurement chemical compositions. Data on CaO-SiO 2 -CaF 2 -FeO system had been reported by Chopra and Taneja, 13) with the compositional changes taking place during viscosity measurement also being taken into consideration. The data for six slags of this system, with the post-measurement compositions, have been plotted in Fig. 4 . There is good to excellent agreement between the O/Si ratio and the viscosity of slags. This, again, confirms the suitability of the said chemical parameter for studying the trends in viscosity.
The literature on viscosity of slags, in general, has been based on viscosity trends in specific systems/composition ranges. The present work has taken into consideration four different systems, spanning a wide composition range. The trends observed, between viscosity and the O/Si ratio, are similar irrespective of temperature range, slag composition and system under consideration. This clearly indicates that the O/Si ratio is valid, irrespective of the compositional constraints. This is so, because, the O/Si ratio represents the overall silicate structure, rather than just the slag composition. The slag structure is also influenced by temperature and this is reflected by the gradual reduction in viscosity with increasing temperature-as clearly seen in Figs. 2 and  3 . Therefore, the O/Si ratio can be applied irrespective of composition range and temperature. There is a growing need to have a generic model for viscosity as function of chemical composition and temperature-irrespective of whether the slags are from iron making process or steel making process or continuous casting process. In this context, the O/Si ratio has good potential since it is not constrained by composition/system. Further efforts will be required for consolidation of a larger database on viscosities and the application of O/Si ratio to the proposed database. The superiority of O/Si ratio over conventional parameters of basicity (such as the lime to silica ratio) has already been demonstrated 1) -in the context of crystallization of mold slags.
In addition to the cited trends, "a point of convergence" is also seen in Fig. 4, at approximately (2.95, 0.2) . At first sight, the inference is that the viscosity is the same for all temperatures at this O/Si ratio. There is no distinct explanation for this point. Probably, the effect of structure (O/Si ratio) supercedes the effect of temperature, as the degree of polymerization is reduced (high values of O/Si ratio), within this system. In other words, "viscosity is a function of structure and temperature, in general; and at higher levels of breakage, the effect of temperature is much less than that of the structure". This is being examined in further detail, taking into consideration viscosity data for a wide range of slag compositions and temperatures. • Viscosity of the slag system is lowered with increasing temperature.
Concluding Remarks
• Viscosity decreases with increasing O/Si ratio.
• O/Si ratio has been successfully used to explain the trends in different systems, covering 33 data points.
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